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CHAPTER |
| NTRODUCTI ON

This chapter, which provides an overview of the report,
consists of three parts: a background of the regulation of |ead
under the Safe Drinking Water Act, a summary of this analysis of
the benefits that could result froma reduction in the anount of
lead permtted in U S drinking water, and a summary of a case
study of the costs and benefits of reducing lead levels in drinking

water in the Cty of Boston.

. A Background
The Safe Drinking Water Act (SDWA), passed by the U S

Congress in 1974, requires the U S. Environnmental Protection
Agency (EPA) to protect public health by setting drinking water
standards for public water supplies.* Two levels of protection
are described in the SDWA Primary drinking water regulations,
applicable only to public water systens, control contam nation
that may have an adverse effect on human health by setting
ei ther a maxi mum contam nant |level (MCL) or a treatnent technique
requi renment. Secondary drinking water standards are non-enforce-
abl e recommendati ons concerning the aesthetic quality of drinking
water, e.g., taste or snell

The National Primary Drinking Water Regul ati ons (NPDWR)
were first pronulgated at the end of 1975. EPA revi ses those

regul ati ons by setting maxi num contam nant |evel goals (MCLGs)

Defined in the Act as water systens serving 25 or nore people
or having at |east 15 service connections.
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and rel ated MCLs. MCLGs are non-enforceabl e health-based goals,
intended to protect against known or anticipated adverse health
effects, with an adequate margin of safety. MCLS are enforceable
limts, to be set as close as feasible to the MCLG feasibility

i ncl udes cost and technol ogi cal constraints. MCLs are proposed
at the sane tine as the MCLGs

On Novenber 13, 1985, EPA proposed National Primary Drinking
Water Regul ations (NPDWR) to set MCLGs for 28 synthetic organic
chemcals, 11 inorganic chemcals, and 4 mcrobiological paraneters
in drinking water; these substances are listed in Table I-1. The
proposed MCLGs for probable human carci nogens were set at zero, and
MCLGS for other substances were based upon chronic toxicity and
ot her data.

Lead is included anong the inorganic substances proposed for
regulation in the NPDWR  The current MCL for lead is 50 mcrograns
of lead per liter of drinking water (ug/l);* the proposed MCLG is
20 ug/ 1.

The 1986 Amendnents to the Safe Drinking Water Act contain a
provi sion banning the use of materials containing lead in public
wat er supplies and in residences connected to public water supplies.

States have until June 1988 to begin enforcing this ban.

|.B. Summary of Report

This analysis estimtes sone of the benefits that could result

from reduci ng exposure to lead in conmmunity drinking water supplies.

This is equivalent to and can be stated alternatively as 0.05
mlligrans per liter (nmg/l), 0.05 mcrograns/gram (ug/g), or
50 parts per billion (ppb).



TABLE |-1.

Primary Drinking Water
Level Goal s)

Substances Included in the 1985 Proposed National
Regul ations (Maxi mum Contam nant

A. Synthetic Organic Chenicals

Acryl am de

Al achl or

Al dicarb, Aldicarb sulfoxide and
Al dicarb sul fone

Car bof uran

Chl or dane

Di br onochl or opr opane

o-, m Di chl or obenzene

cis- and trans-1,2 Dichloroethylenes
1, 2-Di chl or opr opane

2,4-D

Epi chl orohydrin

Et hyl benzene

B. Inorganic Chenicals

i A R

<

C. Mcrobiologica

S~ oo

Arsenic

Asbest 0s

Bari um

Cadmi um

Chrom um

Copper

Lead

Mercury

Nitrate and Ntrite
Sel eni um

Par anet ers

Total Coliform Bacteria
Turbidity
Gardia

Pat hogeni ¢ Viruses

Et hyl ene di broni de
Heptachl or and Heptachl or
epoxi de

Li ndane

Met hoxychl or
Monochl or obenzene

Pol ychl orinated biphenyls
Pent achl or opheno

Styrene

Tol uene

Toxaphene

2,4,5-TP

Xyl ene



These benefits are probably nmuch greater than those attributable to
just reducing the MCL for lead, but do reflect benefits attainable
w th reduced exposure to |ead through changes in the MCL coupl ed
with changes in EPA's nonitoring requirenments or other efforts to
reduce exposure to lead from drinking water.

There are two primary categories of benefits evaluated in this
paper: the public health benefits of reduced |ead exposure (Chap-
ters Il and IV) and reduced materials danmages (Chapter V) relating
to the phenonenon of lead s presence in drinking water -- as a cor-
rosi on by- product. In addition, because the calculation of health
benefits depends on the extent of human exposure, another chapter
(Chapter 11) presents the available data on the occurrence of |ead
in public water supplies, and presents estimates of the popul ation
exposed to drinking water exceeding the proposed MCLG of 20 ug/l.
In assessing the benefits of the proposed reduced | ead standard,
this analysis assunes that EPA will act to reduce lead levels in
tap water, as well as to maintain the current high quality of water
| eaving the treatnent plant. It also relies upon and is sensitive
to assunptions about drinking water use and consunption patterns.

This analysis estimates the annual benefits for one sanple
year, 1988, of lowering the anobunt of |ead permtted from 50 ug/l
to 20 ug/l. That one year was chosen because environnental |ead
levels will have stabilized following EPA's 1984 phasedown of | ead

in gasoline.*

Specifically, this analysis neasures effects given the condi-
tions on January 1, 1988, when EPA s proposed ban on | eaded
gasoline wll not yet have taken effect. However, even if EPA
pronul gates that ban, the estimates in this report wll not
change significantly.
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For conparability, all nonetary values are expressed in
constant 1985 dollars.* The popul ation baseline is the 219.2

mllion people served by conmunity water systens.

I.B.1. The Qccurrence of Lead in Public Drinking \Water

Lead occurs in drinking water primarily as a corrosion by-
product; its sources are the materials used in the distribution
and residential plunbing systens (of sources as diverse as the

US-EPA Air Quality Criteria Docunent for Lead, 1986; Craun and

McCabe, 1975; Kuch and Wagner, 1983; Departnent of the Environnent,
1977; etc). \Water leaving the water treatnment plant is usually
relatively |ead-free. However, pipes and sol der containing |ead
are corroded by water, and lead |levels at the user tap are often
much hi gher than those found at the treatnent plant. \Wile the
presence of l|lead service pipes is relatively restricted geographi -
cally in the United States, the use of lead solder (and flux) is
ubi qui t ous. And the conbi nation of copper pipes wth sol der
containing lead found in nost residences can result in high |ead
[ evel s** in first drawn water that has been in contact with the
pipe for a period of time -- |evels exceeding the current MCL

even with fairly non-corrosive waters (e.g., N elson, 1976). In
particular, newy-installed solder is easily dissolved, and

people living in new housing, or in older housing but with new

The 1986 Econom c Report of the President to Congress (Table
B-4).

* %

This results from gal vanic corrosion, which is the corrosion
that occurs when 2 netals, with different el ectro-chem ca
potential, are in the sanme environnent.
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pl unbi ng, are especially at risk of high levels of lead in the
drinking water (Sharrett et al., 1982a; Murrell 1985). Lead
concentrations in fully flushed water typical of distribution
system water, even under corrosive conditions and with new sol der,
are generally below 50 ug/l and usually bel ow 20 ug/I

Because |ead occurs generally as a corrosion by-product in
U S. community water supplies, levels in fully-flushed water and in
distribution water are typically |ow Exposure to | ead, however,
is fromtap water that can contain significant anmounts of | ead.
The estimate of the occurrence of lead in drinking water, therefore,
is based upon data collected and analyzed for EPA's Ofice of
Drinking Water in 1979-81. These data portray lead levels partly
flushed (30 seconds), kitchen tap sanples collected by the Culligan
wat er -softening conpany.* J. Patterson of the Illinois Institute
of Technol ogy anal yzed the data. Current evidence indicates that
these sanples are nore representative of consuned water than are
the fully-flushed sanples taken in conpliance with EPA's nonitoring
regul ati ons. The Culligan data indicate that 16 percent of
partly flushed water sanples could exceed an MCL of 20 ug/l at
the kitchen tap. The findings from this data source are consistent
with other analyses of the occurrence of lead in tap water and
with studies of lead |eaching rates in corrosive and non-corrosive
wat er s.

To this nust be added the inhabitants of housing built wthin

the past 24 nonths and that have plunbing materials containing |ead.

The use of conpany nanes and the presentation of related data
does not constitute endorsenent of their services.
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Many studies have shown that new sol der can release significant
anmounts of lead into water, even exceeding the current MCL of 50
ug/l (e.g., Sharrett et al., 1982a; AWM- DVGW Cooperative Research
Report, 1985). \While corrosive waters have the highest |ead
levels, relatively non-corrosive waters can also |each significant
amounts of lead. The highest l|ead contam nation |evels occur

with the newest solder (i.e., during the first 24 nonths follow ng
installation), but those levels decline and are generally not

el evated beyond five years (e.g., Sharrett et al., 1982a;
Lassovszky, 1984).

There were 1.7 mllion new housing starts and permts in the
United States during 1983 and 1.8 mllion in 1984.* Construction
data show that housing typically takes six nonths to a year from
permit to potential occupancy, so there are currently about 3.5

mllion new housing units (i.e., < 24 nonths). The Statistica

Abstract of the United States (1985; Table 58) indicates that

t he average household contains 2.73 individuals. Mul tiplied
together, a total of 9.6 mllion people currently live in new
housi ng.

However, not all of these people are served by comunity water
suppl i es: of the current (1985) U.S. residential population of
over 240 mllion, 219.2 mllion are served by conmunity water
systems and this analysis only addresses that population. In

addition, data from the plunbing supply industry show that about

Survey of Qurrent Business, U S. Departnent of Conmerce -
Bureau of Econom c Anal ysis, 1985; Table on New Housi ng
Constructi on.
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8 percent* of new plunbing is plastic, so 92 percent of the
popul ati on has netal pipes. Therefore, the nunber of people at
risk of high lead |evels from new solder in new housing is:

219 m |
9.6 ml|l x 240 X .92 = 8.1 mllion

To calculate the risk to inhabitants of ol der housing, subtract
the nunmber in new housing (8.8 mllion)** fromthe total served by
community water systens (219.2 mllion); that indicates that 210.4
mllion people live in older hones. Based upon the Culligan data,
16 percent of them (33.7 mllion) are at-risk of high |lead |evels
frompartly flushed water at the kitchen tap. Conmbi ning the data
fromCulligan on lead levels in older housing wth the new housing
exposure estimates indicated that 41.8 mllion people using public
wat er supplies currently may be exposed to sone water that exceeds
the proposed MCL of 20 ug/l; we round this to 42 mllion.

This may be a |low estimte

° Dbecause it does not include the potential exposure
of occupants in housing_built wi thin the past 2-5 years
I(glgg Ia(la\?gl S%r;o*b*%bl y remain at greater risk of elevated

° because we have not included those who, while |iving
in ol der housing, have recently had maj or plunbing

repairs and so are also at risk of the potentially high
|l ead | evels associated with newly installed sol der;

This is the average of clains by the Plastic Pipe Institute
presented in Muk (1984) and of the Copper Devel opnent
Associ ation presented in Anderson (1984).

219 m |
Deri ved: 9.6 ml x. 240 = 8.8 mllion people.

* %

*** | nhabitants of 2-5 year old housing are not included in this

anal ysi s because it was not possible to elimnate them from
t he base and thus avoid doubl e-counti ng.
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° because the Culligan data represent water that is
harder than average, whereas high |lead |evels are
often found wth soft waters; and

° because the data used are for partially flushed
sanpl es, while sone people (especially children)
may consunme water that is closer to first-flush
or standing sanples (which is nore likely to
contain higher concentrations of |ead).*

In addition, we have not included any data from the estinated
60 mllion people served wholly or in part by private and non-
community water supplies.

There are uncertainties, however, concerning actual patterns
of drinking water use and the extent of plastic piping in new
construction that could reduce the estimate. Early enforcenent
of the Safe Drinking Water Act ban on the use of materials
containing lead in public water supplies, enforceable in June
1988, could al so decrease exposure to |lead from drinking water.

The assunptions on the relationship between water |ead |evels

and blood lead |levels are taken fromthe draft (EPA) Water Criteria

Docunent for Lead (1985), which is based upon the reconmendati ons

in the Ailr Quality Criteria Docunent for Lead (US-EPA, 1986).

Those docunents assunme a linear relationship, at least at the
| oner blood-lead |levels typical of the United States, with dif-
ferent constants for children and adults relating first-flush water

lead |l evels to blood | ead concentrations. Those fornul ae are:

Water standing in pipes has a greater opportunity for lead to
leach into it and, therefore, is nore likely to contain higher
| ead | evels. Many of the factors affecting lead levels in
drinking water are discussed in Chapters Il and V of this
report.
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(for children)t PbB* = 0.16** x intake of lead from water

(for adults) PbB* = 0.06** x intake of lead from water.

Al ternative assunptions (e.g., those reasonably derived fromthe
results of Richards and More, 1982 and 1984) could inply that
exposure -- and consequently benefits -- may be underesti mated,
possi bly by several factors.

The estimates of the health benefits associated with this pro-
posed rule rely upon data on the distribution of blood |ead |evels
in children and adults collected as part of the Second (U S.)
National Health and Nutrition Exam nation Survey (NHANES I1), a
10, 000 person representative sanple of the U S non-institutional-
ized population, aged 6 nonths to 74 years. That data base is
available fromthe (U S ) National Center for Health Statistics
and anal yses of |ead-related data fromit have been published
before (e.g., Annest et al., 1982 and 1983; Mhaffey et al.

1982 ; Pirkle and Annest, 1984).

This analysis uses both point estimates and ranges of bl ood
| ead | evels associated with specific health outcones. O her EPA
anal yses (e.g., US-EPA/ 1986a) use ranges exclusively. Bot h

approaches are supported by the avail able data.

|.B. 2. Benefits of Reducing Children’s Exposure to Lead

El evated bl ood-lead |evels have |ong been associated with

neur ot oxi col ogi cal effects and many other pathol ogi cal phenonena:

*

PbB = bl ood | ead | evel

** These constants have a unit of mcrograns-of-|ead/deciliter-of-
bl ood per m crogramof-1|ead-in-water/day, or ug/dl per ug/day.

t This fornmula was derived from Ryu, 1983. An alternative estimate
fromthe data in that paper suggests a coefficient of about O.4.
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an article on lead s neurotoxicity was published as early as 1839,
on anema in the early 1930s, on kidney damage in 1862, and on

i mpai red reproductive function in 1860. As noted in the Ar
Quality Criteria Docunent for Lead (US-EPA, 1986), from an his-

torical perspective, |ead exposure |evels considered acceptable
for either occupationally-exposed persons or the general popul a-
tion have been revised downward steadily as nore sophisticated

bi o- medi cal techni ques have shown formerly-unrecogni zed biol ogica
effects, and as concern has increased regarding the medical and
soci al significance of such effects. In the nost recent downward
revi sion of maxi mum safe levels for children, the Centers for

Di sease Control (CDC) lowered its definition of lead toxicity to
25 mcrograns of |ead per deciliter of blood (ug/dl, the standard
nmeasure of blood lead level) and 35 ug/dl of free erythrocyte

protoporphyrin (FEP). As evaluated in the Criteria Docunent

(1986), the present literature shows biological effects as |ow
as 10 ug/dl (for hene biosynthesis) or 15 ug/dl (for certain
renal system effects and neurol ogical alterations); indeed, a
threshold has not yet been found for sone effects (e.g., elevated
level s of a potential neurotoxin* or stature effects, Angle et
al ., 1982; Schwartz et al., 1986).

There is no convincing evidence that |ead has any benefici al
bi ol ogi cal effect in humans (Expert Conmittee on Trace Metal

Essentiality, 1983; and included in the Criteria Docunent, 1986).

El evated bl ood-1ead |evels have been linked to a w de range

of health effects, with particular concern focusing on young

*

ALA, or am nolevulinic acid.
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chil dren. These effects range fromrelatively subtle changes

i n biochem cal neasurenents at 10 ug/dl and below, to severe
retardation and even death at very high levels (80-100 ug/dl).

Lead can interfere with blood-formng processes, vitamn D

nmet abol i sm ki dney function, neurol ogical processes and repro-
ductive functions in both males and fenales. In addition, the
negative inpact of l|ead on cognitive performance (as neasured by
IQ tests, performance in school, and other mnmeans) is generally
accepted at noderate-to-high blood-lead |evels (30 to 40 ug/dl

and above), and several studies also provide evidence for possible
attentional and 1Q deficits, for instance, at levels as |ow as

10- 15 ug/|. Changes in el ectroencephal ogram readi ngs, as anot her
exanpl e, have al so been observed at these |ow | evels. For many
subtle effects, the data may represent the limts of detectability
of biochem cal or other changes, and not necessarily actual
threshol ds for effects.

For children's health effects, two categories of benefits
were estimated nonetarily: 1) the avoidance of costs for nedica
care for children exceeding the lead toxicity |evel set by the
Centers for Disease Control (i.e., 25 ug/dl, when conbined with
FEP levels of > 35 ug/dl) and 2) the averting of costs due to
| ead-i nduced cognitive effects. Two alternative nethods for
valuing the potential cognitive damage resulting from exposure to
| ead were developed. The first of these two alternatives involves
assessing the costs of conpensatory education to address sone of

the mani festations of the cognitive danage caused by lead as a
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proxy neasure for the damage itself. The second relates to one
specific indication of that cognitive danage -- potential 1Q
point loss, and includes a calculation of decreased expected
future earnings as a function of |1Q point decrenent. These esti -
mat es neither include many major categories of pathophysiol ogica
effects (e.g., renal damage), nor do either the medical costs

or the conpensatory education costs consider any |asting danage
not reversed by nedical treatnment or conpensatory education. These
estimates also attribute few benefits to reducing lead levels in
chil dren whose blood |lead |evels would be below 25 ug/dl even in
t he absence of this proposed rule.

The estimate of reductions in medical care expenses rely upon
publ i shed recomrendations (Pionelli et al., 1984) for followup
testing and treatnent for children with blood |ead |evels above 25
ug/dl. The costs of such nedical services and treatnment were
estimated at about $950 per child over 25 ug/dl (1985 dollars).
This average reflects both |ower costs for nost of these children
and much higher costs for the smaller subset requiring chelation
t her apy.

The estimates for conpensatory education assunmed three years
of part-tine conpensatory education (de |la Burde and Choate, 1972
and 1975) for 20 percent of the children above 25 ug/dl, averaging
about $2,800 (1985 dollars) per child above that blood |ead |evel
based upon data fromthe U S. Departnment of Education (Kakalik
et al., 1981).

There is extensive literature exam ning the relationships

between 1Q educational |evels attained, denographic variables and
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earnings (ICF, 1984). The results of that literature were used to
estimate the effect of 1Q point |osses that can occur as a part of
the cognitive danage caused by |ead exposure upon expected future

earnings: one 1Q point can directly and indirectly affect earnings
by 0.9 percent. The studies of cognitive damage presented in

the Air Quality Criteria Docunent for Lead (U S. EPA 1986) show

evi dence that blood |ead |evels of 15-30 ug/dl can be associ ated
with 1Q losses of 1-2 points, blood |ead Ievels of 30-50 ug/d
can be associated with 1Q |osses of 4 points, and over 50 ug/dl of
bl ood lead can correlate with | osses of 5 points. Data fromthe
Census Bureau on expected future lifetinme earnings, deferred for 20
years* at a 5 percent real discount rate and then annualized, yield
estimated benefits of avoi ded damage from reduced exposure to |ead.
This alternative nmethod for valuing sonme of |ead s cognitive danage
i ndi cated that society could save $1,040 per child brought bel ow 15
ug/dl; $2,600 per child brought below 30 ug/dl; and $2,850 per
child brought bel ow 50 ug/dl by reducing lead in drinking water
(1985 dol lars).

In sum this analysis indicates that the proposed rule could
produce benefits of $27.6 mllion annually in avoi ded nedica
expenses; $81.2 million per year in reduced conpensatory education

costs; and $268.1 nmillion per year in increased |ifetine earnings,

These costs are deferred because those suffering the effects are
children and will not enter the work force for up to 20 years.
Qoviously, using the largest deferral period (20 years) reduces
the value of the benefit and reduces the benefit estinmate,
whereas 8- or 10-year-old children may begin working within 8
years and so would have a nuch shorter deferral period. Thi s

bi ases the estimtes downward slightly.
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based upon sanple year 1988; these estimates are in 1985 doll ars.
Note that conpensatory education and affected earnings are alter-
native methods for valuing aspects of the cognitive damage caused
by |ead.*

In addition, benefits potentially derived by decreasing the
i ncidence of two other categories of health effects (lead s adverse
effect upon children’s growmh and fetal effects) were not estimated
in dollar ternms. Assuming that pregnant wonen are distributed
proportionately throughout the country, data from the Census Bureau**
on birth rates and denographic distributions indicate that 24 per-
cent of the total population is wonen of child-bearing age (15-44)
and that the birth rate is 67.4 births per 1,000 wonen aged 15-44.
Theref ore,

41.8 mllion x 24% x 67.4 per thousand = 680, 000.

It is estimated that this proposed rule could prevent 680,000
fetuses from being exposed to elevated | ead |evels. The fetal
effects are particularly inportant, because several recent studies
have shown that |ead exposure within the normal range (6-20 ug/l)
can be associated with various negative pregnancy outcones (such as
early nenbrane rupture and even mscarriages, e.g., Moore 1982;
Wbberly et al., 1977), and with low birth weight, inhibited post-
natal growh and devel opnent (e.g., Bornschein, 1986; Bellinger,
1985 and 1986; Dietrich et al., 1986). In addition, this proposed

rule could prevent 82,000 children fromrisk of growth effects.

This also biases the results downward because there is a strong
rationale for considering these effects as additive.

* %

Statistical Abstracts (1986), Tables 27 and 82.
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|.B.3. Blood-Pressure-Related Benefits and O her Adult
Health Effects

Lead has | ong been associated with el evated bl ood pressure, but
until recently nost of the studies have focused only on hyperten-
sion and relatively high lead levels typically found only in those
occupationally exposed to |ead. Several recent studies, however,
(e.g., Pirkle et al., 1985, Harlan et al., 1985; Pocock, 1984 and
1985), have found a continuous relationship between blood |ead and
bl ood pressure. These studies provide evidence for a small (com
pared to other risk factors) but robust relationship after control-
ling for nunerous other factors known to be associated with bl ood
pressure. Experinmental animal studies in several species of rats
and pigeons also provide evidence of a relationship between
noderate blood-lead |evels and increases in blood pressure.

To calculate these benefits, |ogistic regression equations
were used to predict how reducing exposure to lead in drinking
water woul d affect the nunber of hypertensives in the U S. popu-
| ation. These estimates cover only nmales aged 40 to 59, because
the effect of |ead on bl ood pressure appears to be stronger for nen
and because the correlation between bl ood pressure and age is nuch
smaller in this age range, reducing the potential for confounding
due to the correlation between blood | ead and age. The estinates
rely upon 1) site-adjusted coefficients from anal yses of the NHANES
Il data relating blood lead levels to increases in blood pressure*

and 2) coefficients relating blood pressure increases to nore serious

* The specific coefficients and the basis for their derivation are
described in the Addendum to the Criteria Docunent, 1986, which
is included in volume 1 of that publication.




[-17

cardi ovascul ar di sease outcones, based on data from the Fram ngham
Study (McCGee et al., 1976) and Pooling Project (1976), as confirned
by Levy et al., 1984.

Levy has denonstrated that the risk coefficients fromthe
Fram ngham Heart Study, when coupled with the observed reductions
in blood pressure, snoking, and cholesterol in the U'S. population
during the 1970s, correctly predicts the observed reductions in
cardi ovascul ar nortality in the overall population during that
decade. The Pooling Project showed that the Fram ngham coefficients
adequat el y predicted cardi ovascul ar outcones (such as strokes and
heart attacks) in the other five large prospective heart studies
perforned in the U S Therefore, while caution is clearly warranted
in view of the limted data on the effect of |owering blood |ead
| evel s on bl ood pressure, use of the regression coefficients from
t he Fram ngham Study provide a reasonable basis by which to predict
potential changes in cardi ovascul ar outcones associated with blood
pressure changes due to decreased | ead exposure.

Based upon this information, reducing exposure to |lead from
drinking water in 1988 could reduce the nunber of male hypertensives
(aged 40 to 59) by 130, 000. Using estimates of the costs of nedica
care, medication, and |ost wages, such a reduction in hypertension
i ncidence would yield a value of $250 per year per case avoided (1985
dol l ars).

These estinmates of how bl ood pressure reductions woul d affect
the incidence of various cardiovascul ar di seases were based on
proj ections of changes in blood pressure as a result of the proposed

rule and estinmates of the rel ationshi ps between bl ood pressure and
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heart attacks, strokes, and deaths from all causes. As noted
earlier, the latter estimtes were derived from several |arge
epi dem ol ogi cal studies, primarily the Fram ngham study. However
because those studies included very few nonwhites, the estinmates
were further restricted to white nmales, aged 40 to 59. Thus, the
benefits estimates do not include m ddl e-aged, nonwhite nales.

The basis of nost of the nedical costs are the cost-of-illness
estimates presented in Hartunian et al., 1981, which were adjusted
in three ways to reflect current conditions. First, we inflated

themto 1985 dollars using data fromthe 1986 Econonic Report of

the President to Congress. Second, we adjusted the costs to reflect

changes and inprovenments in nedical treatnent, including the trip-
ling in the incidence rate of coronary bypass operations that
occurred between 1975 and 1982. Third, Hartunian used a 6 percent
real discount rate to present-value future expenditures, while
this analysis uses a 10 percent real discount rate.

The value of reductions in heart attacks and strokes was based
on the cost of nedical care and |ost wages for nonfatal cases.
Expected fatalities from heart attacks and strokes were included
in the estimate of deaths fromall causes. That procedure yielded
benefits of $65,000 per heart attack avoided and $48,000 per stroke
avoi ded (1985 dollars) for the 240 heart attacks and 80 strokes
estimated to |ikely be avoided in 1988 because of this proposed
rul e. It is inportant to note that these estimtes do not account
for any reductions in the quality of life for the victins of heart
attacks and strokes (e.g., the partial paralysis that afflicts

many stroke victins).
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Val uing reductions in the risk of death is difficult and con-
troversial, with a wde range of estinmates in the literature.
EPA s policy guidelines (U S. EPA, 1984c), for exanple, suggest a
range of $400,000 to $7 mllion per statistical life saved. Usi ng
$1 million per case, the benefits of reduced nortality dom nate our
estimates of total blood-pressure-related benefits; these tota
$240 million in 1988 for the 240 deaths estimated as likely to
be avoided in that year. Altogether, the nonetized benefits of
reduci ng adult male exposure to lead in drinking water are
estimated to total $291.9 million per year (in 1985 dollars),
using 1988 as a sanple year.

In addition, because |ead crosses the placental barrier and is
a fetotoxin, pregnant wonen exposed to lead are at risk of conpli-
cations in their pregnancies and damage to the fetus. ( Fetal
effects are discussed above, under children's health effects.)
Wiile we have not nonetized any of these reproductive effects, as
not ed above, 680,000 pregnant wonen per year probably receive
wat er that exceeds the proposed standard of 20 ug/l, and would
benefit from the proposed rule. Lead-i nduced effects on nale
reproductive functions have al so been discussed in the scientific

literature but are not included in this report.

I.B. 4. Benefits of Reduced Materials Damage

A third category of nonetized benefits relates to the phenom
enon of lead s presence in drinking water: it is a product of the
corrosive action of water upon the materials of the distribution

and residential plunbing. For the nost part, therefore, treatnent
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processes used to reduce high levels of lead in drinking water are
the sane as treatnent processes used to reduce the corrosion poten-
tial of the water. Reduci ng corrosion damage w |l produce substan-
tial benefits to water utilities, their rate-paying custoners, and
bui | di ng owners.

Publ i shed estimates of the costs of corrosion damage range
from $12 to $46 per person per year (1985 dollars), and are sum
marized in Table I-2. Estimates of the costs that can be avoided
by corrosion control neasures range from 20-50 percent of total
damage. The point estimte of avoidable corrosion costs (i.e., the
benefits of corrosion control) is $8.50 per capita annually (1985
dol l ars). For conparison, estinmates of average corrosion treatnent
costs range from under $1 per person per year (based upon the
experience in 18 cities currently treating their highly corrosive
waters) to about $5 per person per year (based upon the highest
treatment costs presented in the ODW cost report).* As a point
estimate, we assuned per capita annual treatnment costs of $3.80
(1985 dollars).

Estimates of the extent of corrosive water also vary. A
commonly accepted profile is that developed by the U S. GCeol ogica
Survey in the early 1960s, which identified the Northeast,

Sout heast, and Northwest sections of the country as having the

softest and nost corrosive waters (Durfor and Becker, 1964a and

The range, however, is quite wide and highly sensitive to system
size. These represent average costs. In some very snal
systens (i.e., serving 25-100 people), costs nmay be many tines

hi gher .
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TABLE [-2 . Estimates of Annual Per Capita Corrosion Damage (1985 dol | ars)
Corrosion
Estimted Annual Corrosion Damage Danmage Annual  Per
(per capita) Avoi dabl e
Through Capita Benefits
Studi es Distribution [ Residential Tot al Wt er of Corrosion Assunpt i ons/ Not es
syst ens Tr eat nent Contro

Kennedy Engi neers Assumed 30% potential reduction

(1973) $5. 57 — $16. 71* 30% $5. 01* in corrosion damage and that dis-
tribution costs were one-third of
total costs.

Hudson & G lcreas They did not 1nclude increased

(1976) $8. 68* — $26. 04* 50% $13. 02* operating costs. Per capita
estimate assunes 200 mllion
peopl e are served by public water
systens. Assunmed that distri-
bution costs were one-third of
total costs.

Kennedy Engi neers They cal cul ated $6.17 per capita

(1978) — $30. 87* $46. 30* 20% $9. 26 in savings to residence owners.
Assunmed residential costs were
two-thirds of total costs.

Bennett et al. Assumed that 200 mllion people

(1979) $9. 40 — $28. 20* 20% $5. 64* are served by public water systens

(cited in Ryder, and that distribution costs were

1980 ) one-third of total costs.

Energy & Environ- This Is an admtted underestimte

nental Anal ysis $3.98 $7.97 $11. 95 38% $4. 54 it includes only damage to pipes

(1979) (not damage to water heaters,
i ncreased operating costs, etc.)

Ryder (1980) $1.17 $22.19 $23. 36 25% $5. 84 Ryder ascribed 95% of corrosion
danage to private owners.

Kirmeyer & Logsdon $23. 60* $35. 40* 40% $14. 16* Assumed residential costs were

(1983) two-thirds of total damage

AVERAGE $8. 21
WQUT EEA $8.82

* These estimtes have been

calcul ated by the authors of this paper. Assunptions are noted above
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1964b) . The conbi ned popul ati ons of those states are 67.7 mllion
peopl e (1980 census). Assumi ng that these areas are served
proportionately by community water systens,* 61.8 mllion people
woul d benefit from actions to reduce the corrosivity of their water
That figure, nmultiplied by $8.50 per person, yields annual benefits
from reduced corrosivity of $525.3 million (1985 dollars).

|.B.5. Sumary of Annual Benefits of Reduced Lead in
Dr i nki ng Wat er

This analysis of the benefits of reducing exposure to |ead
in drinking water indicates that the nonetized annual benefits
could range from $926.0 to $1,112.9 mllion (1985 dollars) for
sanpl e year 1988. In addition, there are nunerous health benefits
of reduced exposure to lead that are not nonetized. The annua
noneti zed benefits are summarized in Table 1-3, and the non-
noneti zed benefits are presented in Table I|-4.

Based upon the |atest cost estimates used by the Ofice of
Drinking Water** the projected benefits exceed the costs by about
4:1. Expressed differently, lowering the MCL to 20 ug/l could
produce annual net benefits of about $800 million in 1988.

It should be enphasized that considerable uncertainty is
associated with these estimated benefits, uncertainties derived
both fromthe current state of know edge concerning lead health

effects and the valuation of avoiding such effects. O her

*

O the total population of about 240 million, 219.2 mllion
peopl e are served by comunity water systens.

** These cal cul ations use prelimnary EPA Ofice of Drinking
Wat er cost estimates. Costs and net benefits will be
di scussed nore extensively in other docunents associ ated
with this proposed rul emaking.
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TABLE |1-3. Summary of Estimted Annual Monetized Benefits of Reducing Exposure
to Lead from50 ug/l to 20 ug/l (1985 dollars) for Sanple Year 1988

Estimated popul ati on exposed to drinking 42 mllion*
wat er exceedi ng preposed MCL

Children's health benefits

-reduced nedical costs $27.6 mllion

-reduced costs of cognitive damage

Method 1 - conpensatory education $81.2 nillion
Method 2 - decreased future earnings $268.1 mllion
TOTAL: Met hod 1 $108.8 mllion
Met hod 2 $295.7 mllion
Adul't health benefits (males only)
-reduced hypertension savings $32.5 mllion
(mal es, aged 40-59)
-savings from fewer heart attacks $15.6 nillion
(white males, aged 40-59)
-savings from fewer strokes $3.8 nmillion
(white males, aged 40-59)
-savings from fewer deaths $240.0 mllion
(white males, aged 40-59)
TOTAL: $291.9 mllion
Materials benefits
-benefits of reduced corrosion damage $525.3 nmillion
TOTAL ANNUAL MONETI ZED BENEFI TS
-Method 1 - using conpensatory education $926.0 nillion
-Method 2 - using decreased future earnings $1,112.9 mllion
ESTI MATED ANNUAL COSTS $230.0 mllion
NET ANNUAL MONETI ZED BENEFI TS about $800 mllion

*Total popul ation served by community water systems: 219 nillion
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TABLE |-4. Summary of Estimated Annual Non-nonetized Benefits of Reducing
Exposure to Lead from 50 ug/l to 20 ug/l for Sanple Year 1988

Reductions in Nunbers
of People at Risk

Estimated popul ation exposed to drinking 42 mllion*
wat er exceedi ng proposed MCL
ChiTdren”s health benefits

-children requiring nedical treatnent 29, 000
-loss of 1-2 1Q points 230, 000

4 1Q points 11,000

51Q points 100
-children requiring conpensatory education 29, 000
-children at risk of stature decrenent 82,000
-fetuses at risk 680, 000
-increased risk of hematol ogical effects 82, 400

Adult health benefits

-cases of hypertension 130, 000
(mal es, aged 40-59)

-heart attacks 240
(white males, aged 40-59)

-strokes 80
(white males, aged 40-59)

- deat hs 240
(white males, aged 40-59)

-(reduced risk to pregnant wonmen 680, 000)
(wonen, aged 15-44)

(same as fetuses

* Total popul ation served by community water systems: 219 million
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anal ogous efforts to estinmate benefits associated w th reducing
lead in drinking water may be useful in helping to judge how

reasonabl e these present benefit estinmates are.

|.C Bost on Case Study

In the spring of 1986, Jonathan Jacobson analyzed the incre-
mental costs and benefits to the Gty of Boston of reducing the
lead MCL from 50 ug/l to 10 ug/l (Jacobson, 1986).* That analysis,
carried out as a nasters thesis project at Harvard University,
focused on Boston as a city with high potential for increased |ead
exposure via drinking water.

Boston’s water is highly corrosive: it is relatively acidic
(pH = 6.7) and soft (14 ng/l as CaCQO;), and has low alkalinity
(Karal ekas et al., 1975). Boston al so has a |arge percentage of
| ead pipes in service. During the 1970s, several studies found
high lead levels in Boston's drinking water (e.g., Karal ekas et
al ., 1975; and several internal studies conducted by the
Massachusetts Water Resources Authority and the [Boston]
Metropolitan District Conmm ssion).

To reduce the high lead |evels, Boston began corrosion
control treatnent. Monitoring performed by EPA's Region | from
1975 to 1981 indicated that |ead, iron and copper |evels dropped
significantly (Karalekas et al., 1982). However, while |ead
concentrations generally decreased to below the current MCL of
50 ug/l, additional treatnent will be necessary to conply wth

a |lowered MCL.

* He assuned a |owered MCL of 10 ug/l because that is the
feasibility Iimt for current treatnent and technol ogy.
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Jacobson anal yzed the increnental annual costs and benefits
of additional efforts by Boston to control further the corrosivity

of its water, using sanple years 1988 and 1992, and estimating al

costs in 1985 dollars. H s anal ysis assunmed the foll ow ng:

-}

conpliance will be nmeasured by a standing “grab” sanple,
that is, a sanple taken imedi ately after turning on
the faucet at any random tine during the day after an
unknown period of standing;
° it will be inpossible for every tap to neet the | owered
MCL, even using state-of-the-art treatnent, and so
sanpl es shoul d be averaged; and
° that, while the effectiveness of specific treatnent
procedures varies in not-yet-well-understood ways when
actually used in the field, corrosion control is ulti-
mately feasible with current state-of-the-art nethods.
Jacobson, using data from EPA Region | and the Massachusetts
Wat er Resources Authority, calculated the benefits of additiona
2-stage treatnment for Boston’s water: further raising the pH (to
reduce the acidity of the water) and installing several punping
stations to nmamintain a consistent concentration of sodium hydroxide
t hr oughout the system
Jacobson used the sanme categories of nonetized health benefits*
as those described in this EPA analysis, except that he did
not include the estimates of cognitive damage associated with
decreased future earnings. Hi s estimates of materials benefits
rely only upon the Kennedy Engineers (1978) study and information

in the Anerican Water Wrks Association Corrosion Manual (AWM- DVGW
1985).

* For bl ood-pressure-related estimtes, however, he used the non-
site-adjusted coefficients fromthe NHANES ||l contained in
Pirkle et al., 1985.
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H's results, summarized in pages 36-39 of his study, indicate
i ncremental costs of $700,000 per year (using sanple year 1988) and
i ncremental annual benefits of $7.9 mllion (including estinated
health benefits of $6.9 mllion and materials benefits of
$950, 000; based upon sanple year 1988). This yields estinated
net annual benefits of $7.2 mllion and a benefit to cost ratio
of 11:1 (compared to the estimate of 4:1 in this analysis).

It is, however, unclear whether or how these results can be
extrapol ated to other U S. water systenms and cities, and

therefore, to this proposed rule.



CHAPTER 1| |
OCCURRENCE OF LEAD I N DRI NKI NG WATER

Lead can contam nate drinking water through several pathways.
It can result from naturally present lead in the source water, it
can result from contami nation of the water supply, or it can
result as a by-product of corrosive water.* In the l|last case, the
sources of the lead are the pipes, plunbing fixtures, flux and
solder of the distribution system and within private residences
or ot her buil dings. Most contam nation of drinking water with
lead results from the corrosion of materials containing |ead.

Section A of this chapter discusses the sources and factors
affecting the contamination of drinking water by lead.** Section B
of this chapter discusses the available data on the occurrence of
lead in comunity drinking water supplies. Because lead occurs in

drinking water primarily as a corrosion by-product, contam nation

Corrosion is the deterioration of a substance or its proper-
ties due to a reaction with its environnent. I'n this paper,
the “substance” that deteriorates is the pipe -- whether nade
of netal, asbestos-cenent, cenent, or plastic -- and the flux
and solder joining the pipes, and the “environnment” is water
That is, we are concerned with internal corrosion. (Pi pes and
other water treatnent equipnment can also corrode externally.)

** Chapter V also contains a discussion of the relationship
bet ween corrosive water and lead in drinking water, but from
t he perspective of potential corrective action
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| evel s are higher in tap water in hones* than in the water |eaving
the water treatnent plant or flow ng through the water nains.
Section C contains EPA's estinmates of exposure to lead in the
drinking water provided by community water systens in the
United States.

The exposure estimate presented in this chapter serves as
the basis for calculating the benefits froma potential reduction
in exposure due to a |lowering of the Maxi mum Contam nant Level
(MCL) for lead fromthe current 50 micrograns of |ead per liter

of water (ug/l) to 20 ug/l.**

[1.A Sources of Lead in Drinking Water

The principal source of lead in anbient surface water is

ant hropogenic lead particulate from the atnosphere, which cone
nostly from the conbustion of |eaded gasoline (e.g., Laxen and
Harrison, 1977; Trefry et al., 1985) and, to a |lesser extent, the
snelting of ores and the conbustion of fossil fuels. Evidence

i ndicates that much of the lead in surface waters will end up in

sedi nentary deposits (Laxen and Harrison, 1977), and nost of the

Lead contam nation of drinking water as a result of corrosion

al so occurs in comercial buildings, schools, etc. There is
less information on the factors that determne lead levels in

t hese buil dings, however, than on the use patterns and materials
in private hones. Therefore, this analysis exam nes only
exposure to lead in residential circunstances. Additiona
research is needed in other areas of exposure including the
work place (factories, office buildings, etc.) and in schools.

This is equivalent to and can be expressed as 0.020 mlligrams
per liter (ng/l), 0.020 mcrograns per gram (ug/g), or 20 parts
per billion (ppb).
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lead dissolved in rain will precipitate and be filtered out by
the soil. Lead from runoff or fallout will also precipitate and
be retained within the soil or sedinments.

The source of nost lead in ground water is geochemical; that

is, the mnerals contained in the rocks and soil through which the
ground water fl ows. Concentrations of lead in ground water in the
United States are typically under 10 ug/l (Lovering, 1976) and,
generally, lead volubility is very low in ground water

The principal source of lead in drinking water is neither

naturally occurring lead in ground water nor anthropogenic lead in
surface water, however. It is the materials of the water supply
and distribution systenms and the plunbing in hones and other

bui | di ngs. (See sources as diverse as Craun and MCabe, 1975;

[U S.] National Acadeny of Sciences, 1977; EPA's Lead Technol ogi es
and Costs Docunent, 1984; Kuch and Wagner, 1983; AWM-DVGW Cooper a-
tive Research Report, 1985; EPA's Lead Cccurrence Docunent, 1985;
EPA's Air Quality Criteria Docunent for Lead, 1986; etc.). The

hi ghest concentrations of |ead are found where pipes or solder
containing lead are used in conbination with corrosive waters,
where water has been sitting for many hours, or where there is
new y-installed piping or repaired joints using flux or solder

cont ai ni ng | ead.

[I.A 1. Variables Affecting Lead Levels in Drinking Water

The | ead used in service pipes* or as part of lead/tin solder

is relatively resistant to corrosion under sinple |aboratory

Service pipes connect the main pipes of the water distribution
systemto the plunbing contained within the hone.
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condi ti ons. In addition, it can be protected from corrosion by a
thin layer of relatively insoluble film conposed of carbonate
conmpounds of lead or calcium that forns on the surface of the
nmetal (Patterson and O Brien, 1979; Schock and Gardels, 1983
Lassovszky, 1984; etc.). \Water, however, is a corrosive substance.

In addition, the conbination of copper piping with tin/lead
sol der found in nost residences can result in galvanic corrosion,*
which can yield lead |evels nuch greater than expected fromthe
sinple corrosion of the water alone.

O her conditions typical in private homes exacerbate the
results of galvanic corrosion and can contribute to high |ead
levels in home tap water.** These include the facts that residen-
tial plunbing materials are often |ess corrosion resistant and
wel | -protected than those used in distribution systenms (AWA
Committee Report, 1984), that water often remains overnight in
househol d pi pes, and that sonme water used in private hones is

heated, greatly increasing its corrosive potential.

I1.A 1 a. Key Water Paraneters Affecting the Volubility of Lead

All water is corrosive to sone degree. However, sone quali-
ties of water nmake it nore corrosive for certain naterials. The

volubility of lead (also called plunbosol vency) is conplicated.

Gal vani c coyrosion resplts mhen‘tmo net al s, mﬁth di fferent
el ectrochem cal potential, are in the sane environment.

The maxi mum equilibrium level is determined by the specific
qualities of the water. Because waters in public drinking
systens rarely reach equilibrium levels (for purposes of
corrosion), non-equilibrium conditions are assunmed in the
analysis presented in this docunent.
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Probably the master control variable in the volubility of lead is
pH * although it is closely interrelated with carbonate.**

Waters below pH 6.8 are very plunbosolvent as can be waters wth
pH above 10.2 (e.g., Mdore, 1973; Schock, 1980; Shei ham and
Jackson, 1981; Murrell, 1985), but pH does not have a strictly
linear relationship to lead levels in water (e.g., Patterson and
O Brien, 1979; Pocock, 1980; Schock and Gardels, 1983). In
addition, at low or very high carbonate alkalinities,** lead is
sol ubl e throughout the pH range of drinking water (e.g., Departnent
of the Environnent, 1977; Pocock, 1980; Jackson and Shei ham

1980; Schock, 1980; Shei ham and Jackson, 1981; Kirneyer and
Logsdon, 1983; Schock and Gardels, 1983; G egory and Jackson

1984; AWM-DVGW Report, 1985). Soft watert is usually plunbosol -
vent, but several studies have shown that very hard water can

al so be plunbosolvent (e.g., Departnment of the Environnent, 1977

The factors of water that inhibit or enhance corrosion are
di scussed in Chapter V, including neasures of those para-
nmeters. In short, pHis a nmeasure of the concentration of
Eydrogen ions (H) in the water, which is inportant because
is one of the mmjor substances that determ nes how nuch
nmetal can be corroded el ectrochem cally.
**  The carbonate content (neasured indirectly by alkalinity
and pH, and usually given in units of equivalent calcium
carbonate , CaCO;) relates nostly to the presence of dissolved
bi carbonate and carbonate ions in the water and enables the
formation of a relatively insoluble protective coating on the
inside of the piper formng a barrier between the water and
the materials of the plunbing system

t Water with low | evels of calcium and nmagnesi um i ons, which
can help form a protective coating on the inside of the pipe.
Hardness is al so expressed as the equivalent quantity of
CaCO; (cal cium carbonate).
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Thomas et al., 1981). O her properties of the water, including
tenperature (e.g., Millen and Ritter, 1980; Britton and Richards,
1981); velocity; treatment with chlorination or chloram nation*
(Treweek et al., 1985); presence of hum c substances (Moore,
1973; Sanuels and Meranger, 1984); chloride and nitrate |evels
(Aiphant, 1982); and dissolved oxygen or other elenents, nay

al so affect plunbosol vency.

I1.A 1. b. Lead Sol der

The use of lead/tin solder, in a tin to lead ratio of 50:50
or 60:40, is ubiquitous in U S. residential plunbing at present
(e.g., Lead Industries Association, 1982; Chin and Karal ekas, 1984,
AWM- DVGW Report, 1985). Lead solder is probably the greatest
single contributor to lead contam nation of drinking water in
this country because of its w despread use and easy volubility.
Its easy volubility is caused by the gal vanic reaction between
the lead/tin solder and the copper pipes that are used nost
commonly in residential plunbing (Anderson, 1984). Many recent
studi es have shown that sol der containing |ead, when used wth
copper househol d plunbing, could easily raise |lead |evels above
50 ug/l, even when in contact with relatively non-corrosive
water or within a relatively short period of tine (e.g., Wng and
Berrang, 1976; N elsen, 1976; Departnment of the Environment,

1977; Lyon and Leni han, 1977; Lovell et al., 1978; Britton and
Ri chards, 1981; Sharrett et al., 1982a and b; diphant, 1982 and

Chem cals used in drinking water disinfection.
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1983; Sanuel s and Meranger, 1984; Birden et al., 1985; Treweek et
al., 1985). Sone of these and other investigations (e.g., Depart-
ment of the Environnent, 1977) also found that |ead sol der alone
could produce |lead contamnation |levels that were as high or

hi gher than those in wholly |ead-plunbed houses. | ndeed, under
some conditions, because of the galvanic action they can be nuch
hi gher (Qiphant, 1982 and 1983; Murrell, 1985). Data summari zed
in the AWM-DVGW Report (1985), Table 4-19 and el sewhere, show
that even w thout new solder, the galvanic reaction in relatively
non-corrosive waters (pH 7.5-8.5, alkalinity > 100 ng/l as CaCGQ)
can produce lead levels at the tap of 160-250 ug/l upon overni ght
st andi ng. Because both the solder and the copper piping nust be
exposed, however, galvanic corrosion is usually a nore serious
problem wi th new pl unbi ng.

Many studi es have shown that the age of the lead solder is
anong the nost inportant variables affecting volubility. For
exanpl e, Sharrett et al. (1982a) -- studying Seattle, a city with
few |l ead pipes -- found that the age of the house (a proxy neasure
for the age of the solder and other plunbing materials) was the
dom nant factor for predicting the concentration of lead in the
tap water. In hones that were newer than five years old, with
copper pipes, the nedian |ead concentration for standing water
was 31 ug/l versus 4.4 ug/l in older hones. In homes built
within the previous 18 nonths, the nedian lead |evel was 74 ug/l.

New solder will leach lead even in relatively non-corrosive

water -- whether naturally less corrosive or treated (e.g., N elsen
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1976; Herrera et al., 1981) -- and will continue to |each signifi-
cant anounts for up to five years (Lovell et al., 1978, Sharrett
et al., 1982a; diphant, 1982 and 1983; Murrell, 1984; Lassovszky,
1985; Neff and Schock, 1985; etc.) . Murrell (1985) found that
new sol der could |each sufficient |ead to contam nate standing
water to a degree hundreds of tinmes higher than the current ML,
this has been confirmed by data collected by the Philadel phia
water utility (1985) and el sewhere. A iphant (1983) has al so
shown that no matter how snmall the area of exposed sol der, pro-
vided the contact tinme is |ong enoug